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57 ABSTRACT 
A mixture of (1) a single phase melt of water and a first 
acrylonitrile polymer containing at least 85% acryloni 
trile and (2) a pure melt of a second acrylonitrile poly 
mer containing from about 60-72% acrylonitrile is ex 
truded through the orifices of a spinneret directly into a 
steam-pressurized solidification zone to provide a 
biconstituent fiber which is stretched while within the 
solidification zone. 

10 Claims, No Drawings 
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BICONSTITUENT ACRYLCFIBERS BY MELT 
SPINNING 

This invention relates to a melt-spinning process for 
producing bicomponent acrylonitrile polymer fiber. 
More particularly, this invention relates to such a pro 
cess wherein two fiber-forming acrylonitrile polymers 
of different acrylonitrile contents are prepared in sepa 
rate melt forms, the resulting melts are extruded to 
gether through the same spinneret orifices directly into 
a steam-pressurized solidification zone maintained 
under conditions which control the rate of release of 
water from the nascent extrudate and the nascent ex 
trudate is stretched to provide molecular orientation 
while it remains within the solidification zone. 
As employed herein and in the appended claims, a 

"bicomponent fiber' is one formed by physically join 
ing together two generically similar but chemically or 
physically different polymers. In the present invention, 
the two polymers are acrylonitrile polymers and thus 
are generically similar but the polymers differ in their 
content of acrylonitrile and have different physical 
properties as a result. 

In the past bicomponent acrylonitrile polymer fiber 
was prepared by wet- or dry-spinning procedures. This 
was because the known useful fiber-forming acryloni 
trile polymers could not be melted without severe poly 
mer deterioration and, as a result, melt-spinning could 
not be employed. Recent developments in the field of 
acrylonitrile polymer fiber have led to melt-spinning 
procedures in which single-phase melts of acrylonitrile 
polymer and water at a temperature above the boiling 
point of water at atmospheric pressure and at a pressure 
which maintains water in liquid state are extruded 
through a spinneret to form fiber, see for example, U.S. 
Pat. Nos. 3,984,601 (Blickenstaff), 3,869,204 (Goodman 
et al.) and 4,163,770 (Porosoff). However, none of these 
recent developments have dealt with the subject of 
bicomponent fibers. 
Another recent development in the field of acryloni 

trile polymers was the finding that certain of these poly 
mers, i.e., those having acrylonitrile contents in the 
range of about 60-70% by weight could be prepared as 
pure polymer melts without polymer deterioration. 
However, fiber properties of these polymers have not 
been acceptable. 

Bicomponent fibers are highly desirable for many 
uses because such fibers can be made to be self-crimping 
and of desirable bulk. These properties and others result 
from the different physical properties of the two poly 
mer components which show good adhesion, one to the 
other. While bicomponent acrylonitrile polymer fiber 
of highly desirable properties can be produced by wet 
or dry-spinning procedures, the requirement for use of a 
polymer solvent is undesirable due to the problem of 
Solvent removal and recovery. The solvents are of such 
a nature as to contribute to process costs and to cause 
environmental pollution problems if not recovered from 
the process. Removal of polymer solvent from the re 
Sulting fiber is not always complete at the completion of 
the fiber-making process and residual solvent may be 
exuded in subsequent hot-wet fiber treatments, such as 
dyeing, thus giving rise to environmental pollution 
problems subsequent to the fiber-making process. Ac 
cordingly, there exists the need for processes for prepar 
ing bicomponent acrylonitrile polymer fiber which 
avoid the problems associated with wet- and dry-spin 
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2 
ning procedures and provide such fiber of desirable 
textile properties. 

In accordance with the present invention there is 
provided a process for producing bicomponent acrylo 
nitrile polymer fiber composed of two polymers of 
different acrylonitrile contents which comprises prepar 
ing a single-phase melt of a first fiber-forming acryloni 
trile polymer and water, said first acrylonitrile polymer 
containing at least about 85 weight percent of acryloni 
trile and said melt being at a temperature above the 
boiling point of water at atmospheric pressure and at a 
pressure which maintains water in a liquid state; prepar 
ing a pure melt of a second fiber-forming acrylonitrile 
polymer, said second acrylonitrile polymer containing 
from about 60-72 weight percent acrylonitrile, said 
pure melt being at the temperature and pressure of said 
single-phase polymer-water melt, and the difference in 
acrylonitrile contents of said first and said second acry 
lonitrile polymers being less than about 30 weight per 
cent; extruding said single-phase polymer-water melt 
and said pure melt together through the orifices of a 
spinneret assembly directly into a steam-pressurized 
solidification zone maintained under conditions which 
control the release of water from the nascent extrudate; 
and stretching the nascent extrudate while it remains 
within said solidification zone to provide molecular 
orientation of said polymers. 

In preferred embodiments, the resulting fiber is dried 
under conditions indicated by dry-bulb temperatures in 
the range of about 110-150° C. and wet-bulb tempera 
tures in the range of about 60°-90° C. and relaxed in 
steam or boiling water. The fiber produced is a self 
crimping fiber due to the different properties of the two 
acrylonitrile polymers making up the bicomponent fi 
ber. Drying and relaxing will cause crimp to develop in 
the fiber. Since it is generally desirable to supply the 
fiber in uncrimped form, the dried and relaxed fiber is 
heated and restretched under just sufficient tension to 
remove temporarily the crimp that has developed. 
The bicomponent fiber produced in accordance with 

the present invention exhibits good adhesion between 
the two polymer components in spite of the fact that the 
polymers were in different melt states when merged. 
The difference in physical properties of the two poly 
mers can be varied by changing polymer compositions 
within the ranges indicated and the degree of crimping 
can be varied accordingly. The textile properties of the 
melt-spun bicomponent acrylonitrile polymer fiber are 
generally better than are those of comparable fiber 
prepared by wet- or dry-spinning procedures. Because 
no polymer solvent is employed in processing the bi 
component acrylonitrile polymer fiber, no solvent re 
covery or environmental pollution problems are en 
countered. 

In carrying out processing in accordance with the 
present invention, two different melts of two distinct 
fiberforming acrylonitrile polymers are employed. An 
acrylonitrile polymer having a high content of acryloni 
trile is prepared in the form of a polymer-water single 
phase fusion melt and an acrylonitrile polymer of lower 
acrylonitrile content is prepared as a pure polymer melt, 
i.e., no water or other melt assistant is employed. 
The acrylonitrile polymer of high acrylonitrile con 

tent will contain at least 85 weight percent acrylonitrile 
and any balance of one or more monomers copolymer 
izable therewith. Fiber-forming acrylonitrile polymers 
of this acrylonitrile content are well known in the art as 
are the preparative procedures. Suitable polymer-water 
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melts of such polymers are readily prepared as homoge 
neous single-phase melts by heating appropriate quanti 
ties of polymer and water to a temperature above the 
boiling point of water at atmospheric pressure and at a 
pressure sufficient to maintain water in liquid state. 
Depending upon polymer composition and other fac 
tors, the quantity of water will generally be in the range 
of about 10 to 30 weight percent based on the total 
weight of polymer and water. At least autogenous pres 
sure is employed and melts result at temperatures safely 
below the deterioration temperature of the polymer. 
The acrylonitrile polymer of low acrylonitrile con 

tent will contain from about 60 to about 72 weight per 
cent acrylonitrile and any balance of one or more mono 
mers co-polymerizable with acrylonitrile. Suitable co 
monomers which provide the pure melt polymer in 
clude, for example, ethyl or methyl acrylate, butyl acry 
late, isopropyl methacrylate, vinyl acetate, isobutylene, 
styrene, dichlorostyrene, and butadiene. These poly 
mers are also known in the prior art as is their method 
of preparation. This polymer type when heated as a 
pure polymer forms a melt without significant deterio 
ration of the polymer and it can provide a fluid melt at 
the temperatures and pressure used to form the polym 
er-water melt. 
As previously indicated, the difference in acryloni 

trile content of the two acrylonitrile polymers should 
not exceed about 30 weight percent since differences 
above this value lead to poor adhesion between the two 
polymer types. As can be appreciated from the relative 
ranges of acrylonitrile contents specified for the two 
polymers, the minimum difference in acrylonitrile con 
tents will be about 3%. 
The two distinct polymer melts are prepared sepa 

rately in accordance with prior art procedures. Typi 
cally such melts can be prepared by use of screw extrud 
ers and the like. 

After the two polymer melts are obtained, they are 
extruded together through the same orifices of a spin 
neret assembly. During such extrusion, the two polymer 
melts unite at their interfaces as they pass through the 
spinneret orifices. In conducting such extrusion the 
quantities of the individual polymer melts that are 
united may vary as may the manner in which the uniting 
is accomplished. In forming the conventional side-by 
side bicomponent fiber, it is possible to provide equal 
proportions of the two polymers making up the fiber 
components or to provide varying amounts by adjusting 
the pumping rates of the two polymer melts being ex 
truded. It is generally preferable to form such side-by 
side bicomponent fiber in which the component of the 
higher acrylonitrile content forms 50 weight percent or 
more of the total polymer content of the fiber since such 
polymer generally provides better textile properties. 
An alternative embodiment is to pass the polymer 

melts through a static mixer, such as a plate mixer, at a 
low degree of mixing to provide a random bicomponent 
fiber in which the polymer of higher acrylonitrile con 
tent preferably forms from about 60 to about 90 weight 
percent of the total polymer content of the fiber and the 
polymer of lower acrylonitrile content forms the bal 
ance, preferably the polymer of lower acrylonitrile 
content forms about 18 to 32 weight percent of the total 
polymer content. 
The extrusion step is carried out in a manner such that 

the extrudate from the spinneret assembly emerges di 
rectly into a steam-pressurized solidification zone main 
tained under conditions which control the rate of re 
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4 
lease of water from the nascent extrudate and provide a 
stretchable extrudate in accordance with prior art 
teachings. Generally these conditions arise by use of 
saturated steam at a pressure such as to provide a tem 
perature that is from about 20° C. to about 60° C. below 
the temperature at which extrusion is conducted. Under 
the proper conditions of steam pressure in the solidifica 
tion zone, the nascent extrudate will remain in stretch 
able state while therein. 
The nascent extrudate is subjected to stretching while 

it remains within the solidification zone to provide im 
proved physical properties believed to result from poly 
mer orientation. The extent to which stretching is ac 
complished will vary widely depending upon numerous 
factors, such as the extent to which fiber property in 
provements are desired and the like. Typically, stretch 
ing is accomplished in one or more stages to provide a 
total stretch ratio of about 25 or more since at such 
stretch ratios admirable textile properties are achieved. 

After stretching, the fiber exits from the solidification 
zone and such additional processing as may be desired 
can be conducted. It is generally preferable to dry the 
stretched fiber under conditions of humidity encom 
passed by dry-bulb temperatures in the range of about 
110° C. to about 150° C. and wet-bulb temperatures in 
the range of about 60° C. to about 90° C. Drying under 
such conditions tends to minimize void formation 
within the fiber structure and improves fiber transpar 
ency. It is also generally preferred to relax the stretched 
extrudate after drying to achieve a shrinkage of 20% or 
more to provide a desirable balance of textile properties 
in the resulting fiber. Such relaxing may be in steam or 
boiling water depending upon the nature of the stretch 
ability. 
The invention is more fully illustrated in the examples 

which follow wherein all parts and percentages are by 
weight unless otherwise specified. 

EXAMPLE 

The two acrylonitrile polymers used in preparing a 
bicomponent fiber are as follows: 

Polymer A 
85 parts acrylonitrile 
12 parts methyl methacrylate-grafted onto 
3 parts polyvinyl alcohol weight average molecular 

weights54,000 
Polymer B 

66.6 parts acrylonitrile 
23.4 parts methyl acrylate-grafted onto 
10.0 parts butadiene rubber weight average molecular 

weights87,500 
Polymer A is prepared as a polymer-water melt using 

82 parts polymer and 18 parts water at a temperature of 
175 C. and autogenous pressure using a screw extruder. 
Polymer B is prepared as a pure polymer melt at 175 

C. using a second screw extruder. 
The two polymer melts are then fed to a spinneret 

assembly containing a distributor means for extruding 
the polymers in side-by-side arrangement through the 
same orifices of the spinneret plate having 80 round 
orifices each of 160 micron diameter, the relative poly 
mer melt feed rates being such as to provide fiber con 
taining 50% of each polymer component. The bicompo 
nent extrudate emereges from the spinneret orifices 
directly into a steam-pressurized solidification zone 
maintained with saturated steam at a temperature of 
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120° C. The nascent extrudate is drawn down by a 
factor of 8 and while it remains within the solidification 
zone is stretched in a second stage of stretching at a 
stretch ratio of 10 to provide a total stretch ratio of 80 
relative to the linear velocity of the polymer melts 
through the spinneret. After stretching, the extrudate 
emerges from the solidification zone through a pressure 
seal and is collected on a winder. The as-spun fiber 
denier is 2.54 denier per filament. The fiber is dried in 
tensionless state at a dry bulb temperature of 75 C. The 
dried fiber is then relaxed in steam at a temperature of 
118 C. during which fiber shrinkage of 32% results. 
The final fiber has a denier of 3.7 per filament. During 
the processing as described, the fiber develops a high 
level of stable crimps, about 18 crimps per inch. 

EXAMPLE 2 

Polymer A is the same as that used in Example 1. 
Polymer B is a terpolymer of the following composition 
70 parts acrylonitrile 
26 parts methyl methacrylate 
4 parts styrene weight 

weights,80,000 
Melts are prepared as in Example 1. The melts are 

processed through a plate mixer using minimum shear 
and extruded as a random bicomponent fiber through 80 
round spinneret orifices each of 160 micron diameter. 
The two polymer melts are proportioned such that the 
extrudate contains 70% of polymer A and 30% of poly 
mer B. Processing subsequent to extrusion is as in Ex 
ample 1. The final fiber possesses a spontaneous crimp 
of a frequency of about 6-12 crimps per inch. The fiber 
is highly transparent due to the close matching of the 
refractive indices of the two polymers. 

EXAMPLE 3 

The procedure of Example 2 is repeated in every 
material detail except in place of the polymer used as 
polymer B therein there is used a copolymer of the 
following composition: 

64 parts acrylonitrile 
36 parts butyl acrylate weight average molecular 

weights75,000 
The melts are proportioned during extrusion through 
the spinneret assembly in the ratio of 75 parts polymer 
A to 25 parts polymer B. A spontaneous crimp develops 
in the resulting bicomponent fiber after complete pro 
cessing. 

average molecular 

EXAMPLE 4 

The procedure of Example 2 is again followed in 
every material detail except that in place of polymer B, 
there is employed a polymer of the composition: 

70 parts acrylonitrile 
20 parts methyl methacrylate 
10 parts hydroxyethyl acrylate weight average mo 

lecular weights75,000 
The metls are proportioned in the ratio 72 parts poly 
mer A and 28 parts polymer B. The resulting fiber has 
a spontaneous crimp and a higher moisture regain than 
conventional acrylonitrile polymer fibers. 

10 

6 
EXAMPLE 5 

The procedure of Example 1 is repeated in every 
material detail except that subsequent to the processing 
described the fiber is passed through a heated oven at 
about 110° C. and wound under tension equivalent to a 
stretch ratio of about 1.05. This treatment removes 
temporarily the spontaneous crimp which had devel 
oped. The wound fiber, when subjected to dyeing, rede 
velops the same crimp level spontaneously developed 
during initial processing. 
We claim: 
1. A process for producing bicomponent acrylonitrile 

polymer fiber composed of two polymers of different 
15 acrylonitrile contents which comprises preparing a sin 
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gle-phase melt of a first fiber-forming acrylonitrile poly 
mer and water, said first acrylonitrile polymer contain 
ing at least about 85 weight percent acrylonitrile and 
said melt being at a temperature above the boiling point 
of water at atmospheric pressure and at a pressure 
which maintains water in liquid state; preparing a pure 
melt of a second fiber-forming acrylonitrile polymer, 
said second acrylonitrile polymer containing from 
about 60-72 weight percent acrylonitrile, said pure melt 
being at the temperature and pressure of said single 
phase polymer-water melt, and the difference in acrylo 
nitrile contents of said first and said second acrylonitrile 
polymers being less than about 30 weight percent; ex 
-truding said single-phase polymer-water melt and said 
pure melt together through the orifices of a spinneret 
assembly directly into a steam pressurized solidification 
zone maintained under conditions which control the 
release of water from the nascent extrudate; and stretch 
ing the nascent extrudate while it remains within said 
solidification zone to provide molecular orientation of 
said polymers. 

2. The process of claim 1 including the additional step 
of drying the nascent extrudate under dry-bulb temper 
atures in the range of 110-150° C. and wet-bulb tem 
peratures in the range of 60°-90° C. 

3. The process of claim 2 including the additional step 
of relaxing the dried extrudate in steam or boiling wa 
ter. 

4. The process of claim 1 wherein the first acryloni 
trile polymer is a graft of 85 parts acrylonitrile and 12 
parts methyl methacrylate on 3 parts polyvinyl alcohol. 

5. The process of claim 1 wherein the second acrylo 
nitrile polymer is a terpolymer of 70 parts acrylonitrile, 
26 parts methyl methacrylate and 4 parts styrene. 

6. The process of claim 4 wherein the second acrylo 
nitrile polymer is a terpolymer of 70 parts acrylonitrile, 
26 parts methyl methacrylate and 4 parts styrene. 

7. The process of claim 1 wherein the second acrylo 
nitrile polymer is a copolymer of 64 parts acrylonitrile 
and 36 parts butyl acrylate. 

8. The process of claim 1 wherein the second acrylo 
nitrile polymer is a graft of 66.6 parts acrylonitrile and 
23.7 parts methyl acrylate on 10 parts of butadiene rub 
ber. 

9. The process of claim 1 wherein the second acrylo 
nitrile polymer is a terpolymer of 70 parts acrylonitrile, 
20 parts methyl methacrylate and 10 parts hydroxyethyl 
acrylate. 

10. The process of claim 3 including the additional 
step of heating and winding the relaxed fiber under 
tension to remove temporarily the spontaneous crimp. 
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